Cadmium (Cd) has recently been used extensively in industry.
As a consequence, it is drawing attention as a causative agent of occupational diseases and environmental poll ution.
Intensive studies are being carried out on Cd intoxication, and pulmonary edema, pneumonitis, necrosis of the renal cortex, etc. are now recognized as manifestations of acute Cd poisoning, while proteinuria, emphysema, anemia, kidney stones and bone lesions as those of the chronic poisoning (1) . It had been reported that arterial hypertension, testicular hemorrhage and necrosis were induced in rats with only a small dose of Cd (2, 3) , also that Cd acts as a carcinogen in rats (4) Administering cadmium chloride to mice, using <SUP>115m</SUP>Cd as the tracer we investigated retention, excretion and distribution and the effects of drugs in order to provide effective therapy to Cd poisoned patients.
MATERIAL AND METHODS
Experimental animals were male and female ddN mice, weighing 25-30 g. "'''Cd was intraperitoneally given as carrier free cadmium chloride in a dose of 0 .5
JLCi. After administration, radioactivity of the whole body and excrements were deter mined day after day. The animals were sacrificed at various time intervals and radioac tivity in different organs was measured. For the determination of radioactivities of the whole body and excrements, -y-ray was measured with the whole-body animal counter, and for that of organs, / -ray was mainly measured with the G-M counter in the wet asking material.
The effects of various drugs to remove Cd from the body were examined. 11 "CdCl was intraperitoneally injected into each mouse. Drugs were given from immediately and from 24 hr after Cd injection. Those of the experimental group were given various drugs once daily. At 4 th day after the administration of the radioisotope, they were sacrificed. Both experimental and control groups comprised of 5 animals. Radioactivities of the whole body and of excrement were determined in all once daily for 3 days from imme diately after the radioisotope administration.
The distribution of 115i'Cd in the body was examined at 4 th day. was the highest in the liver, followed by the pancreas, kidney, spleen, testis, bone and blood in the descending order.
In the 24-hr value, the kidney exceeded the pancreas.
Subccllulai distribution:
The subcellular distribution of " "Cd was examined in the liver and kidney of both male and female mice 1 hr and 18 days after radioisotope administration.
Fractionation was made by the Schneider's method (6) . Results are shown in Tables I and 2 . The subcellular distributions of 115' Cd in the liver and kidney were larger in the supernatant fraction in both male and female mice.
Effects of administration of various drugs:
Whole-body retentions 24 and 72 hr after 115mCd administration are summarized in Tables 3 and 4 . The distribution of the isotope in the body at 4th day is given in Tables 5 and 6 .
These results show that the drugs which are effective on eliminating 115mCd are chelating agents of aminopolycarboxylic acid group such as DTPA (diethylenetriaminepentaacetic acid), BADE (2,2' -his [di (carboxymethyl)-amino] diethylether) and EDTA (ethylenedi aminetetraacetic acid), and BAL (dimercaprol). Even the most effective DTPA failed to exert an eliminating effect when given later than 24 hr following the ""Cd administra tion. Monothiol compounds such as glutathione (GSH), 2-mercaptopropionyl glycine
(MAA), penicillamine (Pen.) were often found to increase 115mCd concentration in the kidney and testis. When stable CdCI2 was added into 115mCd as a carrier, the whole-body retention of 115mCd decreased, and ""Cd uptake by the testis also diminished significantly.
The addition of HgCl2 produced significant decrease in renal uptake of 11 "Cd. The elimination of 111'"Cd was unaffected by administration of ZnSO,, MgSO,, mercurial diuretics, furosemide, Na-ferrocyanate and Na-alginate.
DISCUSSION
As for Cd turnover, Cotzias et al. (7) who determined total-body radioactivity every day after intraperitoneal administration of 1D"CdCl, to mice, reported that turnover rate was negligible. In our experiments, 115mCd was excreted for several days after the intra peritoneal injection of 11'"CdCl2 to mice, but scarcely thereafter, indicating negligible turnover. Decrement curve of whole-body retention was also similar to that obtained by Cotzias et al. Lucis et al. (8) examined ""Cd excretion at 24-hr intervals after subcutaneous injection of 10"CdCl,, and reported that fecal excretion of the nucleide in creased after 2 days. In our experiments, fecal excretion was greater from the beginning, but differences in experimental animals and mode of administration does not make for a good comparison.
There are many reports on the distribution of Cd in the body as determined using radioisotope. Lucis et al. (9) subcutaneously injected mice with 10°CdCl2, and found that at 24 hr 1°9Cd accumulation was the greatest in the liver and next in the kidney.
Berlin and Ullberg (10) intravenously injected mice with 1°"CdCI2, took whole-body autoradiograms at various time intervals and estimated the distribution of ""Cd by densitometry. In our experiments ""Cd was given to mice intraperitoneally, and distribution in the body was examined at various time intervals. All of these experimental results were identical in that Cd accumulation was the greatest in the liver and kidney even though the experimental method, i.e. in the mode of administration of the radio isotope were different.
As for the subcellular distribution of Cd, Cotzias et al. (7) who investigated subcellular 109Cd distribution in the liver 1 hr after intraperitoneal injection of 1°"CdCI , to mice, reported that the amount was greater in the supernatant fraction. 115rnCdCl9 was given intraperi toneally to mice it was found that 11fi"Cd was distributed in a larger amount in the supernatant fraction in the liver and kidney of both male and female animals I hr and 18 days after the administration.
As for the effect of drug administration on Cd excretion, Friberg (11) who injected "5mCdSO 4 subcutaneously into rats and then gave EDTA immediately thereafter, reported that a large amount of 115mCd was excreted into feces. Later, Eybl et al. (12) subcutaneously injected 115mCdCl. into rats and at the same time administered various chelating agents, have reported that complexes of aminopolycarboxylic acid such as DTPA and EDTA had stronger excretory effect 24 hr after administration than BAL and penicillamine. Also Niemeier (13), examining ""Cd concentration in various organs after intravenous injection of 115="CdSO4 and intraperitoneal injection of various chelating agents into rats, reported that DTPA exerted greater effect than others on the elimination of 11"Cd, and further that penicillamine increased renal uptake of 115mCd. Using mice we injected "5mCdCl2 in traperitoneally and then giving various drugs for 3 days to observe the effects on reten tion, excretion and distribution of 115"'Cd. It was found that BAL and aminopolycar boxylic acids such as DTPA, BADE and EDTA, when given immediately after 115mCd, were effective on eliminating 115mCd. It was also observed that monothiol compounds such as glutathione, penicillamine, L-cysteine, L-cysteinylglycine, mercaptoacetic acid, 2 mercaptopropionylglycine often increased renal and testicular uptake of 115mCd. It was furthermore elucidated that HgCl2 decreased renal uptake of 115mCd, and that when CdCI2 was given as a carrier, the whole-body retention and testicular uptake of 115"Cd were reduced. For elucidation of the significances of these findings, further studies are ne cessary. Our experiments failed to reveal any effect of Zn, although there are many papers on the relation between Zn and Cd. Alginate, also of which eliminating effects on Sr and other divalent cations are often reported (14) , was ineffective in our experiments. 
